(12)

US009543438B2

United States Patent

Tsai et al.

US 9,543,438 B2
Jan. 10, 2017

(10) Patent No.:
45) Date of Patent:

(54)

(71)

(72)

(73)

")

@

(22)

(65)

(1)

(52)

CONTACT RESISTANCE REDUCTION HOIL 21/823418 (2013.01); HOIL 21/823431
TECHNIQUE (2013.01); HOIL 21/823814 (2013.01); HOIL
21/823821 (2013.01); HOIL 29/0847
Applicant: Taiwan Semiconductor (2013.01); HOIL 29/165 (2013.01); HOIL
Manufacturing Company, Ltd., 29/167 (2013.01); HOIL 29/45 (2013.01);
Hsin-Chu (TW) HO1L 29/665 (2013.01); HOIL 29/6681
. . R . (2013.01); HOIL 29/7851 (2013.01); HOIL
Inventors: Chun Hsiung Tsai, Xinpu Township
(TW); Ming-Te Chen, Hsin-Chu (TW) 21/0262 (2013.01); HOIL 21/02532 (2013.01)
(58) Field of Classification Search
Assignee: Taiwan Semiconductor CPC e, HO1L 29/7848, HO1L 2029/7858,
Manufacturing Company, Ltd., HOIL 21/0245
Hsin-Chu (TW) USPC ittt 438/283, 478
See application file for complete search history.
Notice: Subject to any disclaimer, the term of this
patent is extended or adjusted under 35 (56) References Cited
U.S.C. 154(b) by 0 days.
U.S. PATENT DOCUMENTS
Appl. No.: 14/515,311
2005/0145941 Al* 7/2005 Bedell ................... HOLL 21/845
Filed:  Oct. 15, 2014 2006/0071275 AL* 42006 Brask .....ccocooc.. H01L2;gj§
Prior Publication Data 2571350
rior (Continued)
US 2016/0111537 Al Apr. 21, 2016 Primary Examiner — Moazzam Hossain
Int. CL (74) Attorney, Agent, or Firm — Slater Matsil, LLP
HOIL 21/8234 (2006.01)
HOIL 29/78 (2006.01) (57 ABSTRACT
HOIL 21265 (2006.01) An embodiment is a method of manufacturing a semicon-
HOIL 29/165 (2006.01) ductor device, the method including forming a first gate over
HOIL 29/66 (2006.01) a substrate, forming a recess in the substrate adjacent the
HOIL 29/08 (2006.01) first gate, epitaxially forming a strained material stack in the
HOIL 29/45 (2006.01) recess, the strained material stack comprising at least three
HOIL 21/02 (2006.01) layers, each of the at least three layers comprising a dopant.
HOIL 217324 (2006.01) The method further includes co-implanting the strained
HOIL 217285 (2006.01) material stack with dopants comprising boron, germanium,
HOIL 29/167 (2006.01) indium, tin, or a combination thereof, forming a metal layer
HOIL 21/8238 (2006.01) on the strained material stack, and annealing the metal layer
UsS. CL and the strained material stack forming a metal-silicide
CPC ..... HOIL 29/7848 (2013.01); HOIL 21/26506 layer.
(2013.01); HOIL 2126513 (2013.01); HOIL
21/28518 (2013.01); HOIL 21/324 (2013.01); 20 Claims, 14 Drawing Sheets
134
142 142 144 142 142 <
) ) N ( \
N
126~ N N 126
N N
4 V4 / / / / / / / / / /r
AL TN S L L o
110122"' 106 110122' 106 110122 106 110122’



